HE first report of male sterility in crop plants was made by Bateson and Gairdner (3) in flax. Since then male sterile plants have been reported in many other crops such as corn (Zea mays L.) (9), onion (Allium sp.) (6), sugar beets (Beta vulgaris L.), tomatoes (Lycopersicum esculentum Mill.) (10), carrots (Daucus carota L.) (13), and lima beans (Phaseolus lunatus L.) (1). Though male sterile lines are being used in many crops for the production of hybrid seeds, the exact mechanism of pollen abortion is not yet fully understood. This is true for male sterile flax also. However, it is suggested by Bateson and Gairdner (3) that male sterility is brought about by the interaction of a pair of genes with specihc cytoplasm.
HE first report of male sterility in crop plants was made by Bateson and Gairdner (3) in flax. Since then male sterile plants have been reported in many other crops such as corn (Zea mays L.) (9), onion (Allium sp.) (6), sugar beets (Beta vulgaris L.), tomatoes (Lycopersicum esculentum Mill.) (10), carrots (Daucus carota L.) (13), and lima beans (Phaseolus lunatus L.) (1). Though male sterile lines are being used in many crops for the production of hybrid seeds, the exact mechanism of pollen abortion is not yet fully understood. This is true for male sterile flax also. However, it is suggested by Bateson and Gairdner (3) that male sterility is brought about by the interaction of a pair of genes with specihc cytoplasm.
Comparative studies of microsporogenesis and development of the male gametophyte m both male sterile and male fertile lines have been made by Artschwager (2) sugar beets, Singh and Hadley (11) in sorghum (Sorghum vulgate Pets.), Singh and Rhodes (12) in squash (Cucurbita maxima Duchesne), and Zenkteler (14) in carrots, to learn how male sterility is brought about..These studies have revealed that where male sterility is of a cytoplasmic nature, e.g., sugar beets, sorghum, anti carrot, pollen abortion is associated with abnormal behavior of the tapetum. In squash where sterility is of a genetic type, absence of meiosis in the pollen mother cells and subsequent degeneration of the mother cells leads to sterility.
Erichsen and
Ross (5) have reported a delayed degeneration of tapetal cells in colchicine-indu~ed male sterile plants of sorghum, similar to that observed by Singh and Hadley (11) in cytoplasmic male sterile line of the same crop. A comparative study of microsporogenesis and development of the male gametophyte in male sterile and male fertile lines of flax was undertaken in order to determine the mechanism of male sterility in flax. The present paper deals with information obtained from this study.
MATERIAL
AND METHODS Seeds of three male sterile lines of flax, 'Marine 96', 'Normal 126', and 'Redwood 137' and their respective fertile counterparts were obtained from the U. S. A. and grown at the botanical garden B. R. College, Bichpuri, Agra (India). For the morphological studies Bower buds of the six lines were fixed at varying stages o{ development in formalin acetic alcohol and preserved in 70% ethyl alcohol. Serial microtome sections of Bower buds 8 to 12 ~ thick, were obtained and stained in Heidenhien's iron alum hemotoxylin.
Material for cytological studies was fixed in a 1:3 mixture of propionic acid and ethyl alcohol. Propiono-carmine squashes were used for cytological studies. Aceto-carmine and iodine stains were used to test pollen fertility in the different lines.
giving rise to an outer layer of primary ~arie an inner layer of sporogenous cells (FigUre mary parietal layer undergoes further division giving rise to wall layers which differentiate thecium, two middle layers and a tapetum (F primary sporogenous cells divide to give ris number ot spore mother cells.
The three fertile lines show a variation the behavior of endothecial and epidermal ce 96 the epidermis becomes stretched during anther enlargement. At maturity greatly stretc epidermis can be seen adhering to the outer endothecial cells which by then reach their opment and bear fibrous thickenings on the walls (Figure 4) . In Redwood 137 and however, the endothecial cells remain thin the walls of the epidermal cells become th to anther dehiscence ( Figure 5 ). The cell middle layers become much stretched during meiosis in spore mother cells and by the ti microspores are formed, the inner middle lay (Figure 6 ). The outer middle layer, however, the formation of pollen grains and then deg
The tapetal ceils are initially uninucleat During the course of meiosis in pollen mothe of tapetal cells divide and by the time meios all the tapetal cells have become binucleate The tapetal ceils attain their maximum size by osis starts. Large vacuoles appear in the cyto tal cells when the pollen mother ceils are in ure 8). This vacuolation of tapetal cells increase and the tapetal cells gradually dege appear. The three fertile lines differ slightl to the exact stage at which the tapetum co appears. In Redwood 137 and Normal 126 olated tapetal calls can be seen at a stage wh microspores separate from the tetrads. Rem tapetal cells are present even at the tim become surrounded by exine (Figure 9 ). At t developing pollen grains move toward the the anther cavity and appear to be attached erating tapetum (Figure 10 ). In Marine 96 trace of tapetum is left after the tetrad stag
The primary sporogenous cells in each th larger than those of the adjacent tissues (F primary sporogenous cells t~ndergo further di duce a large number of spore mother cells Meiosis proceeds normally and tetrads of m
